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SUMMARY

An investigatlon was carried out In the Langley
two-dimensionsal low-~turbulence tunnels for the purpose
of developing an optimum flap configuration for maximum
1ift on an airfoll section for the Renublic XF~1l2 airplane
equlnped with a double slotted flap. Lift and flap
loads were obtained at several flap deflections for two
flap paths. Drag characteristics of the section with
flaps retracted were also determined.

A maximum 1ift coefficient of 3.4% was measured

for this alrfoll-flap comblnatlion for a flap deflectlon
of 60° at a Reynolds number of 1l million. An investi-
gation of flap and fore flap configurations showed that
the configuration for which this maximum 1ift cocefficient
was measured was very nearly the optimum., HMaximum 1ift
coefficlents were shown to increase with Reynolds number
for all deflectlons except the best maximum 1lift
deflection, at which a decrease In Reynolds numver from
1} million to 3.5 million caused an increase of about

- 0.1 in meximum 11ft coefflcilent.

INTRODUCTION
t

At the request of the Army Air Forces, Alr Technlcal
Service Command, tests have been conducted in the two-
dimensional low-turbulence tumnel and the two-dimensional
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low-turbulence pressure tumnel on a 37.5=-inch-chord
model of a wing section of the Republioc XF-12 airplane,
The model was equipped with a double slotted flap

which was designed to operate with a variable position
of the fore flap with respect to the flap. The sesction
at the station represented by this model is intermediate
b:t;e:il the Republic R=l,}j0=318-1 and Rel,l0-413=-,
airioiris,.

Tests included an investigation of flap and fore
flap configurations for maximum lift, 1ift chaeracteristics
at several flep deflections for two flap paths, and flap
and fore-flap loeds. The effect of Reynolds number and
stendard leading-edge roughness on the lift and drag
characteristics were determined for several configu-
rations.

SYMBOLS
c . airfoll chord
Qo section angle of attack *
cg section dreg coefflclent
¢y section 1lift coefficient
© lmex section maximum 1lift coefflicient
Cnp flep normal-force coefficient, based on flap
chord
Cnpp fore-flap normal-force coefficlent, based on

fore-flap chord

Co flep chord-force coefficient, based on flep
f chord .

Ce fore~flaep chord-force coefficient, based on
£t fore-flep chord




MR No. L6AO8a 3

Cme. flep moment coeffliclent about flap reference
" ‘point, based on flap chord’ o

°mff fore-~flap moment coefficlent about fore-flap
reference point, based on fore~-flap chord

R Reynolds number

6r,6rr deflectlions of the flep and fore flap,
respectively, measured from the wing chord
line

xee ¥ef horlzontal and vertical posltions of the fore-
flap reference point measured from the most
rearward statlion of the wing slot in percent
of ¢, poslitive to the rear and below,
respectively

xr,Jf horizontal and vertical vpositlions of the flap
reference point measured from the fore-flap
tralling edge in vercent of c¢, nositive to
the rear end below, resmectlvely

MODEL AYD METEODS

The model was constructed by the Republic Aviation
Corooration to the ordinstes glven 1in table I. The
flap alone had & chord equal to 0.238c and the fore
flap alone had a chord equal to 0.092c. Figure 1l shows
a sketch of the alrfoll section, the flap, and the fore
flap. The foreward portion of the model was constructed
of laminated mahogany. The flap and the fore flap were
constructed of aluminum alloy. The maln wing section
and the flap and fore flap were provided with flush
pressure orifices at several stations along the mid-
snan of the model. '

Flap and fore-flap configurations for each of the
flep naths are shown in figure 2. The second path was
designed by the contractor to provide . -low operating
loads and will be referred to as the modlified flap path.
The 60° configuration shown for the original flap path
is the vosition found to give the highest maximum 1lift,
Lift and drag tests were made by the methods described
in reference 1. Pressure distributlions were read
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directly from a multiple-tube manometer connected to

the model pressure eorifices. The orifices were filled
with glazing putty for all but the pressure-distribution
tests, DBecause of time limitatlions 1t was necessary to
run both the 1lift and nressure-distribution tests for
the modified flap path concurrently.

Data were corrected to free-alr values by the

following equations in which the »primed quentities
revresent values measured in the tunnel.

cqg = 0.97leg?

¢y = 0.938¢;"

6o = 1.036a,"
A complete discussion of these correctlons as

applied to data obtalned iIn the two-dimensional low-
turbulsnce tunnels 1s contained in reference 1.

Flep and fore-flap loads were obtalned from
integrations of pressure-distribution dlagrems. The
large amount of pressure~dlistribution data obtained
1s not presented.

RESULTS AND DISCUSSION

Lift.- An investigatlon was flrst carried out to
determIne which of several configurations of the flap
end fore flap would vrovide the best maximum 1lift
characteristics. A confilguretion which wes consldered
good wes set up and systematic variatlions of the
verlous Parameters were Investigated. The values of
these vwarameters for the original configuration are
shown In the followlng table:

6pp = 25° &6p = 60°
Xpp = -0.2L|. Xp = -2.5
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The effect of fore-flap deflection is shown in -
figure 3(a). Fore-flap deflections of 20°, 25°,

and 30° were Investigated, all other parameters being
kept constant. These results show that using a fore
flap deflection higher than 25° would cause en anpreciable
decrease in the maximum 1ift. Changes in the position

of the flap and fore flap as a unit were then Investi-
gated. The maximum 1ift coefflcients are plotted in
figure 3(b) as a functlon of the horizontal and vertical
posltions of the  fore-flap reference point. The
highest meximum 1lift was obtained with the fore~flap
reference point 2 percent below and 0.5 percent behind
the tralling edge of the meln wing section. The fore
flap was then held at this positlon and the flap rotated
ebout its reference wolnt. The lift characteristics at
flao deflections of 559, 609, and 650 _are shown in
figure l4(a). The maximum lift 1s shown to increase
gradually with flap deflection but the 1lift curve obtalned
at 65° shows a small break at about 0° angle of attack.
The flao deflection was therefore limited to 60°, With
the fore flap at 1ts best positlon and the flap and
fore-flan deflections et 60° and 25°, resnectively,
the flapn »osition was varied. Maximum 1ift values are
plotted agalnst ths flap position parameters Xg end yr

in figure L(b). The highest maximw: 1ift obtalned was
3.56 with the flap 2 vercent below and 1.5 percent

forward of the fore-flep trailing edge. It i1s realized
that this survey of flep and fore-flap configuratlons

is not complete end that slightly higher values of maximum
1ift might be obtalned by a more extensive Investligation,
but the flnal configuration 1is belleved to be very near
the optimum for meximum 1ift.

A comparison of figures 3 and /i shows that gener-
ally this double sletted flap 1s more senslitive to
chenges ln position and deflection of the fore flap than
of the flan. A decrease of epproximately 0.2 in maxlmum
1ift is caused by a 1 percent movement 1n either the
vertical or horizontal directions from the best fore-
flap position while. a decrease of cnly 0.15 1s caused
by a total movement of 3 percent horizontally and
1.5 percent verticelly from the best flep posltion.

- Lift characteristics for the best flap configuration
at several Reynolds numbers are shown In figure 5. The
maximum 1ift 1s shown to decrease from 3.56 at a Reynolds
number of 3.5 million to 3.43 at 1} million. It should
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be noted that the optimum position was found at a
Reynolds number of 3.5 mlllion. The optimum position
at other Reynolds numbers might be slightly different.

Lift characteristics for flap deflections of 0°,
20°, L,0°, and 60° are shown in figure 6 for the original
flap path at Reynolds numbers of 3.5 and 1} million in
the smooth condition and with standard leading-edge
roughness for the higher Reynolds number. Figure 7 shows
the 1ift cheracteristlcs at several flap deflections
for the modified flep math. Data for thls flap path
ware obtalned only at a Reynolds number of 3.5 million
eand the maximum 1ift values may be slightly low because
of slight surface lrregulerities at the open oressure
orifices., Values of the maximum 1ift are shown in
figure 3 nlotted against flap deflection for each of
these conditions. The effect of iIncreasing the Reynolds
number is shown to be favorable for all but the best
maximum 1lift conflguration and the effect of roughness
1s shown to be less on the best maximum 1ift configuration
then on any other. A comparison of the three sets of
1ift data in figure 6 shows that at the low flap
deflections the scale effect 1s confined to the maximum
1ifts while at the higher deflection= the whole 1lift
curve l1s shifted downwerd by an increase in Reynolds
number. In most cases the roughness effects only the
meximum 1ift. The fact that the curves of maximum
. 11ft agalnst flap deflection for the original flap
path are irregular and veal rather sharply at a deflection
of 609, particulsrly et a Reynolds number of 3.5 million
cen be explalned by the fact that, at this deflection,
the flep and fore flap are at, or very near thelr
optimum configurations whille at other deflections,
their configuratlions are determlned by the flap retracting
mechanlsm.

Dreg.- Figure 9 shows the drag characteristics of
this EIrgoil section with flap retracted at Reynolds
numbers of 3.5 and 1l million and at 1l million with
standard leadling-edge roughness. A comparison of the
data in this figure with data previously obtained on
other almost similar airfolls at lower Reynolds numbers
shows that the minimum drag of this section 1s slightly
higher than that of the Republic Rel,li0=318-1 atirfoil
but that the effect of roughness 1s considerably lesas.
The dlifference In minimum drag in the smooth condition
may be explained by the slight amount of unfairness at
_the flap and by the fact that the flap~airfoil joint
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was not sealed against the possibility of leakage., The
Inorements in minimum drag caused by roughness are
progably different because of the difference in Reynolds
numbersa,

Flap loads.- Normai™“Td®se, chord ford§ end moment
coefficlents, respectively, of the flap and fore flap at
various flap deflections for each of the flap paths
are presented in figures 10 to 12. No load deta are
shown for the fore flamp at the 20° flap deflection with
the origlinal flep path, since, at thls configuration,
the fore flap 1s complstely stalled.

No uniform varisetlon in the load characteristics with
flap deflection could he expected, bocauss of the radical
changes, K in the alr passeges around the flan and fore
fian thot nccur as the flep Gaflection 1s chenged. The
unusurlly high nsgative fore-flap chord forces at the
20° flap deflection #ith tie modified flep nsth are
ceused by the fact thamt rather high leadinpg-edge veloci-
ties occur simultansously with low valocities over the
resr nortinn of the Tors Tlap. No conclusion may be
drewn as to whether the modifled flep psth presents
rore fevorabls load characteristlcs for thils narticular
desirm then Llhe origlnel oatn since this would lnvolve
an smalysis of the linkeges to we used in the retrecting
mechanism. It should be noted thet a meximum normal-
fource coefficlant of the order of 5.0 is obteinesd on the
fore flep. Care must he taken in the design of the
fore flan and 1its fittings to make a ctructure suf-
ficlently rigld to meintain the volerances shown to.
be necessary in figures 3 end L.

CONCLUDING RIZMARKS

A 37.5-1nch~-chord model of a wing section of the
Republic XF-12 alrplane, equlpped with & doubls slotted
flep, was tested in the Langley two-dimensional low-
turbulence tunnsls. A flsp ccenflguration was developed
which is bellsved to be very near the ovtimum for
maximum 1ift and which provided a maximum 1ift coeffi-
cient of 7.3 at a Reynolds number of 1l million. The
maximure 1ift for all deflections except the best maximum
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1ift .conflguration was shown to increase with Reynolds
nunber. The maximum.lift coefflcient for the optimum
configuration is shown to be approximately 0.10 higher

at 3.5 mlillion than at 1l million.

Langley Memoriel Aeronautical Laborsatory
Nationsl Advisory Committee for Aeronsautlcs
Langley Fleld, Va.
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TABLE I

ORDINATES FOR WING, FLAP, SLOT, AND FORE FLAP

[Stations and ordinates given in percent of wing chord]

Wing Sectilon

Plap

MR No.

Upper Lower
Station surface surface
0 s} 0
.;o 1.62 1.040
5 1.96 - 1.3
1.25 2.386 1.Zg
s | e | B
7.50 .g01 3.125
10.00 611 L.651
15.00 g.ssu 5.430
2200 oib it 2:3%7
30,00 9.92& 6.21%
5.00 10.223 6.627
0.00 10,3261 6.619
L5.00 10,32 6.526
25:00 1976l 21598
0.00 8'21 5.537
65.00 .5 .011
70.00 2.660 E.hOB
g5.oo .668 3.712
0.00 B.5&5 2.97
85.00 .215 2.122
2% | Lo g
100.00 .019 .019
L.E. radius: 1.830
Slope of -radius through L.E.: 0.133

Slot

Station Ordinate
a0 L

65.625 21.36
65.923 -.gzﬁ
70.219 =151
70.812 .107
71404 .521;
A e
Z: m% 2.678
8.516 2.958
o. SZ 3,598
83.25 3,768
2.627 3.259
.8 3,632
88.128 3432

Upper surface

Lower aurrﬁce

Station ordinate Station Ordinate
77330 1.101 T7.330 2.832

g .516 1.97 78.516 3,022
0. g 2.97 9.773 3.011
83.25 3.91 0.000 2.976
85.62 3.662 85.000 2.19
86.8 3.616 90.000 1.%
88.12 3.,08 95.000 .680
90,000 2.987 100.000 1019
95.000 1.531

100.000 019

L.E. radiuss 1.912

L.E. radiug below wing chord lines 0.92%

L.E. radius aft of wing L.E.: 78.058

0.092¢

«076¢

Fore Flap Dimensions

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Flgure i .~ Wing, flap, and fore flap; double slotted flap model for Republic XF=-12 airplsane.
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from L.E.

Original Flap Path

Nodified Flap Path

op xp Ie Ser X Jee
(deg) (percent ¢) (percent ¢) (deg) (percent ¢) (percent ¢)

20 0 6,00 «10 -13,2), .66

0 0 5.06 20 -g. o7 13.80

0 =l.5 2.00 25 +50 2.00

&8¢ Xg I brr xrt Ire
(deg) (percent ¢) (percent ¢) (deg) (percent ¢) (percent c)
10 <. 05 3.79 -13 =13.04 k.09

20 3,62 3.26 -8 =10.67 h.32

0 3 38 > g {260

0 -%.85 2.45 5 -4.80

5 .50 1.00 25 -

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Flgure 2 .- Flap and fore-flap confligurations for flap paths tested.
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Original flap path.

equlipped with a double slotted flap.
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Figure 10 .~ Normel force coefficients of flap and fore flap for wing section of the:
Republic XF-12 alrplane. :
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